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DELAY LINE FOR MULTIPLE PROPAGATION PATHS RECEPTION 



The present invention relates to a receiver for receiving an input signal 
comprising a series of samples, said receiver comprising one delay line. The invention also 
relates to a method of delaying such input signals. 

The invention finds a particular application notably in mobile telephones 
defined by the UMTS standard. 

According to the UMTS standard ("3 GPP standard, release 99") determined by 
the ETSI group, when an initial signal is transmitted by a base station it is subjected to 
multiple reflections, diffractions and attenuations. These phenomena are caused by obstacles 
of the environment such as buildings or mountains; the consequence is the existence of 
multiple propagation paths and copies of the initial signal of variable power. Thus the initial 
signal may take more or less time to arrive at the receiver of the mobile telephone as a 
function of the route it takes. For that matter, the receiver may also receive a signal composed 
by the supeipositioning of various signals coming from two different base stations of 
different propagation paths and comprising the same transmit information. 

At the receiver end the input signal is sampled at a frequency of 15.36 MHz. 
The receiver is thus to be able to identify and separate the various samples of the copies of 
the received signal that correspond to the multiple paths so as to recombine them in a 
coherent manner to find back the common information or the initial input signal. The input 
signal is thus to be delayed until its last copy has arrived to be able to sum all the copies 
together in a coherent manner so as to find back the desired information. For this purpose 
United States patent US 2001/0002919 describes a receiver comprising a demodulator that 
permits to demodulate the samples into data called symbols and a delay line in which a delay 
equal to the delay difference between said symbol and the last received symbol is applied to 
each symbol. In order to take the worst case into account, the delay line has a number of 
samples so that this number multiplied by the inverse of the sample frequency is equal to the 
maximum time existing between a first and a last received symbol (all the paths being taken 
into account). 
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Although this prior art permits a management of the multiple paths, various 
delay lines are necessary, that is M-l, if M paths are to be processed as shown in Fig. 1. 
Moreover, this considerable number of lines is costly in terms of energy consumption and 
silicon surface for the receiver. Moreover, in the case where the number of paths would 
augment, it would be necessary to make a new design of the receiver to incorporates the new 
paths and take the new delays between the various shifted input signals into account. 



Consequently, a technical problem to be resolved by an object of the present 
invention is to propose a receiver for receiving an input signal that comprises a series of 
samples, said receiver comprising a delay line, as well as a method of delaying an input 
signal, which permit to process multiple paths in a high-performance way and this without 
utilizing costly systems in terms of energy consumption and silicon surface. 

A solution to the technical problem posed is characterized according to a first 
object of the present invention in that the delay line is intended to delay said input signal by a 
series of delays and is divided into a series of delay sub-lines each intended to write one from 
the series of samples of said input signal, and in that the delay line comprises control means 
intended to generate read addresses for the samples in the delay sub-lines from the series of 
samples of the input signal, so that a read address is equal to a difference between a write 
address of a sample in a delay sub-line of the input signal and a delay expressed as a number 
of sampling periods from the series of delays. 

According to a second object of the present invention this solution is 
characterized in that the delay method comprises the steps of: 

- dividing the delay line into a series of delay sub-lines each intended to receive a 
sample from the series of samples of the input signal, said delay line being 
intended to delay said input signal by a series of delays, and 

- generating read addresses of the samples in the delay sub-lines from the series of 
samples of the input signal, so that a read address is equal to a difference between 
a write address of a sample in a delay sub-line of the input signal and a delay 
expressed as a number of sampling periods of the series of delays. 

Thus, as will be seen in more detail hereinafter, a simple means is utilized for 
defining the delays to be applied to the various samples by utilizing only a single delay line. 

Advantageously, each of the delay sub-lines is accessible with a frequency 
twice as fast as the samples of the input signal received by the receiver. In this way, it will be 
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possible to read various samples corresponding to various copies of an input signal, so that 
multiples of propagation paths can be generated via a single delay line. 

For that matter, read addresses of the samples from a series of samples are 
advantageously immediately adjacent to addresses or equal to one another. This permits to 
easily read all the samples of a series in parallel 

Moreover, the delay line advantageously comprises a position factor indicating 
the position of a sample from the series of samples of an input signal in the delay sub-line. 
According to the values adopted by this position factor, it will be known to which delay sub- 
line a sample from the series of samples of an input signal belongs. 

These and other aspects of the invention are apparent from and will be 
elucidated, by way of non-limitative example, with reference to the embodiment(s) described 
hereinafter. 

In the drawings: 

- Fig. 1 illustrates in a diagrammatic manner a receiver with delay lines 
according to the prior art, 

- Fig. 2 illustrates a receiver with a delay line according to the invention, 

- Fig. 3 is a first embodiment of the delay line of the receiver of Fig. 2, 

- Fig. 4 is a time line showing read and write accesses of samples in the delay 
line according to the first embodiment of Fig. 3, 

- Fig. 5 shows a distribution of samples in memory areas of the delay line 
according to the first embodiment of Fig. 3, 

- Fig. 6 shows an addressing of the memory areas of Fig. 5, 

- Fig. 7 is a second embodiment of the delay line of the receiver of Fig. 2, 

- Fig. 8 is a time line showing the read and write accesses of samples in the 
delay line according to the second embodiment of Fig. 7, 

- Fig. 9 illustrates a distribution of samples in the memory areas of the delay 
line according to the second embodiment of Fig. 7, 

- Fig. 10 illustrates accesses to memory areas of the delay line according to the 
second embodiment of Fig. 7, 
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- Fig. 1 1 shows read and write accesses to memory areas of the delay line 
according to the second embodiment of Fig. 7, 

- Fig. 12 shows regroupings of read and write accesses to memory areas of the 
delay line according to the second embodiment of Fig. 7, 

- Fig. 13 illustrates a selection of a set of memory areas of the delay line 
according to the second embodiment of Fig. 7, and 

Fig. 14 is a first variant of embodiment of the delay line according to the 
second embodiment of Fig. 7. 

In the description that follows, the functions or structures well known to a man 
of skill in the art will not be described in detail because they would unnecessarily be a 
hindrance for the description. 

The present description of the invention relates to an example of a receiver 
RECEP utilized in the domain of mobile telephony and notably integrated in a portable 
telephone, which is also called a mobile. The receiver RECEP operates according to the 
UMTS standard. 

According to this standard a receiver RECEP is to be capable of managing at 
most 6 propagation paths FING corresponding to 6 copies of an input signal INPUT 
containing the same information, the copies coming from 6 different base stations or 
corresponding to 6 copies coming from a same initial signal transmitted by a single base 
station and being shifted in time and having variable power. 

At the receiver end RECEP each received signal is demodulated in the 
baseband and then sampled by an analog/digital converter with a frequency of 15.36 MHz i.e. 
a data DATA currently called chip quarter of such a signal comprises a series of samples S. 
The various samples are presented in a manner known to a man of skill in the art in the 
imaginary I or real Q form. There are 4 chip quarters per received input signal corresponding 
to a path FING. 

To find back the common information on the basis of the received input signal 
INPUT, the receiver RECEP is to recover the copies of this signal and then manage (hem in 
parallel. More particularly, the various samples S of the received input signal are to be 
identified and separated so as to recombine them in a coherent manner to recover the 
common information and this in order to improve the receiving quality of the common 
information. Also said receiver RECEP is to wait for the reception of the last copy of the 
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input signal INPUT to commence its recovery operation. Thus all the copies of the input 
signal INPUT are to be delayed until the last copy has been received. 

It will be noted that while it is a given fact that the received samples S 
comprise x copies of the same information shifted in time. As a result of this fact said 
samples may belong to an arbitrary path. What will differentiate them will be the delay 
applied to the input signal. Thanks to this delay it will be possible to know to which copy of 
the input signal and thus to which path FING such and such sample belongs. 

In order to be able to manage 6 paths, according to a first non-limiting 
embodiment as shown in Fig. 2 the receiver RECEP comprises: 

- one delay line DJLINE for delaying the input signal INPUT, and 

- a plurality of management units PROC+DEMOD in parallel with the samples 
coming from the delay line D_LINE. 

These two elements are comprised in an integrated circuit of the receiver 

RECEP. 

It will be noted that the receiver RECEP operates with a clock frequency CLK 

of 15.36 MHz. 

A series of samples generally comprises four samples of which: 

- a first sample INJTIME called reference sample is the sample that is supposed to 
possess the most energy, 

- a second sample called preceding sample EARLY which is situated just before the 
first sample INJTIME, 

- a third sample called next sample LATE which is situated just after the second, 
and 

- a fourth sample VOID. 

For reasons of efficiency when capturing the samples, for each chip quarter the 
first three samples described above called useful samples will be taken into account for the 
energy calculations for a given path. 

It is supposed that a sample enters a delay line DJLINE with each clock cycle 
CLK. In that case it is necessary to write with each clock cycle, that is, to write 4 samples at 
4 successive addresses every 4 clock cycles CLK, and read 18 samples (3 for 6 paths FING) 
every 4 clock cycles CLK, the samples being read with the same timing as they are being 
written. 
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It will be noted that the constraint posed is to obtain at the output of the delay 
line DJLINE a sample chosen from 4 samples, that is, to obtain a sample with a frequency of 
3.84 MHz. 

For this purpose the delay line DJLINE preferably comprises, as illustrated in 

5 Fig. 3: 

- a write address generator WR_ADD_GEN intended to generate write addresses in 
the memory of the delay line DJLINE for the samples from a series of samples, 

- control means RD_ADD_GEN intended to generate read addresses for the 
samples in the delay line DJLINE from the series of samples of an input signal, 

10 - 3 multiplexers MUX, and 

- 4 write registers REG. 

Moreover, the delay line D__LINE is advantageously divided into a series of 
delay sub-lines ZONE, four in this case, the same number as the number of samples in a 
series of samples. Each delay sub-line ZONE is intended to write a sample from the series of 
15 samples INJTIME, EARLY, LATE, VOID of an input signal INPUT. 

Preferably a series of four memory areas is associated with the series of the 
four delay sub-lines ZONE. These 4 memory areas are preferably single-port 512*12 bits 
volatile RAM memories. 

All the delay sub-lines ZONE are read in parallel and 6 read accesses are made 
every 4 cycles. Advantageously, each memory area is accessible 2 times with each clock 
cycle CLK, either with an access frequency that is twice as fast as that with which the 
receiver RECEP receives the samples of an input signal, or here with a constant frequency of 
30.72 MHz. 

It will be noted that the fact of having such memory areas in lieu of 
conventional switches forming the delay sub-lines offers the advantage of utilizing less place 
in the circuit of the receiver. Actually, 512*12*4 switches would be necessary to obtain the 
same result. 

The management of the series of samples S of input signals INPUT takes place 
in the following manner. 

In a first stepl), when a series of samples S arrives at the delay line DJLINE, 
a quarter chip per clock cycle CLK, for example 4 samples SI, S2, S3, S4, they are written in 
the 4 write registers REG0, REG1, REG2 and REG3 as is shown in Fig. 4. These four 
samples, corresponding to a complete chip, are potentially useful for each of the paths FING 
under consideration. Thus for a given path FING, among these four samples there are useful 
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samples IN_TIME, EARLY and LATE situated at a position indeterminate for the moment. 
The write registers REG store in the memory the samples received during 4 clock cycles 
CLK. This permits to have as a consequence synchronized write or read accesses for all the 
delay sub-lines ZONE0 to ZONE3. 

In a second step 2), when the last sample S4 has been received, the write 
address generator WR_ADD_GEN generates 4 write addresses ADD, one for each of the 
delay sub-lines ZONE0 to ZONE3, and the 4 samples SI to S4 are written (WR2) in each of 
the delay sub-lines ZONE0 to ZONE3. The writing WR2 takes place at half a clock cycle 
CLK. 

It will be noted that with the memory area associated with a delay sub-line 
having a size of 512*12 bits, each delay sub-line ZONE is written at a same address in a 
cyclic manner every 512 clock cycles CLK. 

More precisely the write address generator WR_ADD_GEN is a counter 
which is incremented each time 4 samples S are written in the registers REG respectively and 
which generates in cyclic manner 4 activation commands EN1, EN2, EN3 and EN4 for 
writing said samples S in the delay sub-lines ZONE as shown in Fig. 3. It will be noted that 
an address pointer WR_PTR is used for writing the samples S at the associated addresses and 
is incremented with each writing until it has reached the end of the 4 memory areas ZONE 
simultaneously. In the end said pointer comes back to the start of the areas. 

In a third step 3), the series of samples is read so that the first sample 
INJTTME of this series has a delay t on the output relative to the input which delay 
represents the delay associated with a path FING each delay associated with a path FING 
being known to a receiver RECEP. A read pointer RDJPTR is used for reading the samples. 
This pointer is cyclic just like the write pointer WR_PTR. 

It will be noted that a series of samples may belong to an arbitrary input signal 
INPUT and thus path FING, because they carry the same information. It is the applied delay 
that determines the path FING to which a series of samples belongs. 

Thus for each first received sample INJITME there is a read address @RD 
equal to its write address @WR minus the delay t associated with the corresponding path 
FING, modulo-5 12, a delay t being expressed as a number of sampling periods. 

The control means RD_ADD_GEN which are in practice a read address 
generator permits to generate these read addresses so that they are equal to a difference 
between a write address of a sample in the delay sub-lines ZONE of the input signal and the 
delays j applied to the input signal. 
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It will be noted that in the application described the clock CLK has a 
frequency of 15.36 MHz, thus the sampling period is Tech = about 65 ns. If a delay of 650 ns 
is desired, for example, the value of a delay r expressed as a number of sampling periods will 
be 10. 

According to that which precedes there is: 
@RD = (@W- t) modulo-512. 

Advantageously, the preceding and following examples EARLY, LATE, are 
written at addresses ADD that differ from that of the first sample INJTIME only by +1 or -1, 
i.e. the 3 useful samples of a chip are written at successive addresses. 

Furthermore, it will be noted that, advantageously, a same delay sub-line 
ZONE does not comprise 2 samples coming from a same chip. For example, it will never be 
possible to have a first sample INJTIME and the next sample LATE in a single delay sub- 
line ZONE i.e. in a single memory area ZONE. As a consequence, as will be seen hereinafter 
it will be possible to read these three samples INJTIME, EARLY and LATE in a single 
desired reading and sampling operation i.e. the one that has the largest energy will be 
selected by a multiplexer MUX and redirected to the corresponding path FING. 

Figs. 5 and 6 show the read addresses ADD of the various samples according 
to the position taken by the reference sample INJTIME in the delay line DJLINE. 

The position of a reference sample INJTIME is determined by a position 
factor DOWN_POS. Thus a value of the position factor DOWNPOS is associated with a 
memory area ZONE as shown in the following Table. 



DOWN_POS=0 


DOWN_POS=l 


DOWN_POS=2 


DOWN_POS=3 


ZONE0 


ZONE1 


ZONE2 


ZONE3 



Furthermore, the value of this same position factor DOWN_POS will 
determine the read addresses of the other two preceding and following samples EARLY and 
LATE relative to the address of the reference sample BSMTIME. The other two preceding and 
following samples EARLY and LATE will preferably be read at the same address or 
immediately adjacent address to that of said reference sample INJTIME in their respective 
memory area ZONE. For example, in Fig. 6 it may be seen that when the position factor 
DOWNPOS is equal to 2 or 3, the other two samples EARLY and LATE are situated at read 
addresses @RD equal to the read address of the first sample INJTIME. In the case where the 
position factor DOWN_POS is equal to 0, the preceding sample EARLY is found at a 
preceding address @RD-1 and the next sample LATE at a same read address @RD. Finally, 
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when the position factor DOWNJPOS is equal to 3, the preceding sample EARLY is found a1 
a same address @RD and the next sample LATE at a next read address @RD+1 . 

Advantageously, the read addresses of the useful preceding and next samples 
EARLY and LATE have associated position factor values DOWNJPOS which differ by +1 
or -1 from the reference sample INJTIME. This avoids having 2 useful samples in a same 
memory area ZONE. 

In a practical manner, as illustrated in Fig. 3, the read address generator 
RD_ADD_GEN receives on its input 6 delay values r corresponding to 6 paths FING and 6 
different position factor values DOWN_POS associated with the 6 paths FING and generates 
2 read addresses only instead of 3 because only 2 read addresses ADD are necessary for 
reading 3 samples as has been seen previously. 

Thus as may be seen in Fig. 4, after the writing of the samples, during a first 
reading RD1, the 4 samples INJTIME, EARLY, LATE and VOID corresponding to a first 
path FING1 will be read simultaneously in the 4 corresponding memory areas and that with 
half a clock cycle CLK, on the basis of 2 read addresses. In this example as shown in Fig. 3, 
the position factor DOWNJPOS corresponding to the first path FING1 is equal to 0. The 
reference sample INJTIME (in black in the Figure) is found in the first memory area ZONE0 
at a current address @RD, the next sample LATE (horizontal hatching in the Figure) is found 
in the second memory area ZONE1 at the current address @RD, whereas the preceding 
sample EARLY (diagonal hatching in the Figure) is found in the fourth memory area ZONE3 
at a preceding address @RD-1 of the current address @RD. The fourth sample VOID is also 
read and is found here in the third memory area ZONE2. 

During a second reading RD2, the 3 samples INJTIME EARLY and LATE 
corresponding to a second path FING2 will be read and this with half a clock cycle CLK 
from 2 addresses. In the example of Fig. 3 the position factor DOWNJPOS corresponding to 
the second path FING2 is equal to 2. The reference sample INJITME (in black in the Figure) 
is found in the third memory area ZONE2 at a current address @RD, the next sample LATE 
(horizontal hatching in the Figure) is found in the fourth memory area ZONE3 at the same 
current address @RD and the preceding sample EARLY (diagonal hatching in the Figure) is 
found in the second memory area ZONE1 also at the same address @RD. The fourth sample 
VOID (gray in the Figure) is also read and is found here in the first memory area ZONE0. 

And so on for the samples INJTIME, EARLY and LATE corresponding to 6 

paths FING. 
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In 4 clock cycles CLK one writing and 6 readings have then been made in the 
delay line DJLINE. At the end of the last reading RD6, 24 samples will have been read. 

At the next clock cycle the write step 2) and read step 3) commence again. 
Thus, for example, between two sample readings of a first path FING1, 8 half clock cycles 
CLK will have passed. 

It will be noted that the position factor values DOWN_POS of samples 
associated with each path FING are determined by a rectification module (not shown) which 
calculates the energy of each sample read and consequently determines the sample that 
possesses the largest energy among the 3 useful samples read INJTIME, EARLY and LATE. 
At this moment, according to its calculations, said rectification module will rectify the values 
of the position factors DOWN J?OS which are entered in the read address generator 
RDADD-GEN so that the delay line DJLINE is correctly adjusted to the samples and 
provides the useful samples, that is the reference sample INJTIME, the next sample LATE 
and the previous sample EARLY. For example, in the case of Fig. 3, if in the received 
samples of the second path FING2, it is in fact the previous sample EARLY that possesses 
the most energy, for the next reading of this second path FING2 this sample is readjusted and 
thus becomes the reference sample INJTIME in that the value of the position factor 
DOWN_POS is set to 1. These calculations by the rectification module are made each time a 
series of samples is read. 

It will be noted that in certain cases it will be necessary to change also the read 
address of a sample. 

It will be noted that when the receiver RECEP receives the first four samples 
of any first path FING during an initialization step, the rectification module searches for the 
reference sample INJTIME i.e. the one that has the most energy of the four and assigns a firsi 
value to the position factor DOWNJPOS. 

It will also be noted that in view of avoiding having a read pointer RD_PTR 
which would point at an address ADD and does not comprise a sample, advantageously one 
waits for the whole delay line DJLINE, that is all the memory areas ZONE, to be filled by 
samples. One then waits for 5 12 clock pulses CLK or chip quarters. To have a security 
margin one preferably waits for a period of 2560 chips, 2560 chips representing a unit called 
slot known to a man of skill in the art. 

It will further be noted that the current read address @RD for a sample is 
situated approximately in the middle of the delay line DJJNE so that, if there are other path* 
that are received, the corresponding samples are always found in the delay line DJJNE. 
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It will be noted that delay r - 0 (writing and reading at the same time for a same sample) is 
not managed and neither is the delay r = 512 which represent extreme positions, because in 
these cases the write pointer WR_PTR and read pointer RD_PTR would point at addresses 
comprising non-valid samples. 

In a fourth step 4), the 4 samples read INJTIME, EARLY, LATE and VOID 
are sent to three multiplexers MUX. The three multiplexers choose the reference sample 
IN_TIME, the preceding sample EARLY and the following sample LATE respectively as a 
function of the position factor DOWNJPOS and sends them to a processor PROC of the 
management unit PROCJDEMOD of the receiver RECEP. 

The steps 1 to 4 are recommenced for the other paths. 

Having identified and separated all the various samples received of the 6 
received input signals (that is 3 chips read for each path) according to the preceding steps, 
they are recombined in a coherent manner to recover the common information. 

In a fifth step 5), the processor PROC determines according to the energy the 
reference samples INTIME and according to the delay r to which path FING each reference 
sample IN_TIME belongs, after which it sends each reference sample IN_TTME to a 
demodulator DEMOD associated with said path. Said demodulator DEMOD combines each 
sample IN_TIME with a code relating to the associated path FING. Subsequently, all the 
reference samples INTIME are summed up to find back the common information. 

It will be noted that there is one demodulator DEMOD per path, that is 6 
demodulators DEMOD. These demodulators process in parallel the samples INJTIME of 
their respective path. 

It will be noted that when the mobile moves away from a base station, the 
delays 7 associated with the various paths FING may change. In order to take these changes 
into account there is a calculation module (not shown) of the delays associated with the paths 
which inputs the values of the updated delays r into the delay line DJLINE. Such a module is 
well known to a man of skill in the art. 

Thus, this first embodiment of the invention presents numerous advantages 
listed hereinafter. 

Firstly, the delay line is simple to implement. It is based on a simple memory 
management principle and on a set of memories of the same size which facilitates the 
implementation of such a delay line in the integrated circuit of a receiver during a routing 
locating phase well known to a man of skill in the art. 
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Secondly, thanks to the delay line, it has been possible to effectively delay one 
input signal relative to another signal without consuming too much energy or utilizing too 
much memory. 

Actually, in practice, if the integrated circuit of the receiver RECEP is 
implemented with the CMOS 0.18 fun technology, the following comparisons may be 
obtained. 

- It will be noted that for such technology the following formula is applied for 
estimating an energy consumption = (size of RAM in kbits/1 6)*((number of read 
accesses + number of write accesses) in meganumber of accesses/sec)*60*10" 6 (60 
^iW/MHz for this technology) knowing that the 16 kbits RAM memory has a 
consumption of 60 ^iW/Mega accesses/sec. Thus, with respect to the solution 
described in the prior art, whereas the energy consumption by the delay line of 
this prior art is of the order of 7 mW when the receiver is in the active mode and 
of the order of 210 jiW in the standby mode, the energy consumption by the delay 
line according to the invention is 1.2 mW and 36 \xW respectively (the ratio 
between the active mode and the standby mode being of the order of 3%) and this 
for a spread factor SF equal to 8, the spread factor being the number of chips in 
one symbol. In general, with this type of consumption, the delay line according to 
the invention will have better performance up to a spreading factor SF equal to 16 
than the state of the art. For a higher spreading factor SF the consumption of the 
delay line according to the invention remains negligible, however, compared to 
the consumption of the integrated circuit of the receiver taken as a whole. 
Finally, the fact of having common read or write addresses for the delay line 
according to the invention permits to avoid a duplication of the data bus and 
address bus and, consequently, a corresponding reduction of the consumption. 
- Compared with the solution described in the state of the art, whereas the memory 
used by the state of the art is a 54 kbits memory (18*32 bits*(512/4)), the memory 
of the first embodiment according to the invention is only 24 kbits (1*12 
bits*512*4 areas). 



Thirdly, the read access speed and write access speed in a memory are faster 
for the receiver RECEP according to the invention than for a receiver comprising a delay line 
according to the state of the art. 
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Actually, for the delay line according to the invention the read access speed is 
30.72 MHz*6/8*3/4, whereas for the state of the art this is 3.84 MHz*3*6*l/SF and the write 
access speed is 30.72 MHz*l/8*4/4 and 3.84 MHz*3*6*l/SF respectively. The speed of 
access of the delay line according to the invention is always constant and 30.72 MHz as we 
have previously seen, whereas that of the delay line of the state of the art depends on the 
spreading factor SF. 

Fourthly, thanks to the receiver according to the invention it is possible to 
manage the number of paths required by the UMTS standard, that is 6 paths. Obviously, it is 
also possible to manage fewer than 6 paths. This depends on the number of paths used by an 
initial signal. This number of paths is determined in a fashion known to a man of ordinary 
skill in the art via a search module (currently called searcher) placed before the delay line 
DLINE. 

Furthermore, although the UMTS standard does not so require, the receiver 
RECEP according to the invention can manage a 7 th signal corresponding to a 7 th path. As 
can be seen in Fig. 4, a 7 th reading represented by reference X can effectively be carried out. 
In this case one writing and 7 readings take place in a delay line D LINE in 4 clock cycles 
CLK. 

Obviously, the scope of the invention is not at all restricted to the first 
embodiment described above and variations or modifications may be provided therein 
without, however, leaving the spirit and scope of the invention. 

For example, in the case where the UMTS standard would evolve, there is 
provided to generate many more paths than the 7 paths considered. 

Thus, it is often necessary to be able to manage 6 paths coming from a same 
first base station to which the mobile is connected, plus 2 additional paths coming from a 
second, different, base station for measures called SFN-SFN which permit to effect a 
continuous transfer from a first base station to which a mobile is connected to a second base 
station, this technique currently being called handover. 

For this purpose, the receiver RECEP according to the invention could 
comprise two delay lines D LINE such as previously defined, each having 4 memory areas 
of 512*12 bits, that is 48 kbits of memory. Fourteen different paths could thus be managed. 
However, in that case, the memory used as well as the place on the silicon would be 
considerable as well as the energy consumption for the integrated circuit of the receiver 
RECEP. 
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It could also be possible to augment the level of the reading frequency of the 
memory of the delay line. However, from a practical point of view, limits of technology are 
come close to. 

Consequently, in order to be able to manage at least 8 paths without utilizing 
too much memory, according to a second embodiment the delay line D_LINE of the receiver 
RECEP is divided into two series BANKO and BANK1 of delay sub-lines of 4 sub-lines 
each, that is 8 delay sub-lines ZONE0 to ZONE7 in all. With each of the delay sub-lines is 
associated a memory area of 256*12 bits each, which permits not to increase the overall size 
of the memory used. One delay sub-line ZONE is always accessible at a frequency of 30.72 
MHz and 15 read accesses are possible every 8 clock cycles. The input frequency of the 
samples is always 15.36 MHz, corresponding to one clock cycle CLK. 

According to this second embodiment the delay line D_LENE preferably 
comprises, as illustrated in Fig. 7: 

- always a write address generator WR_ADD_GEN intended to generate write 
addresses in the memory of the delay line DJLINE for the samples of a series of 
samples, 

- always control means RD_ADD_GEN intended to generate read addresses for the 
samples in the delay line DLINE from the series of samples of an input signal, 

- 6 multiplexers MUX and 

- 8 write registers REG. 

As shown in Fig. 8, in the example of 8 paths, there is one write access and 
there are 8 read accesses between 2 writings every 8 clock cycles CLK. Thus the samples of £ 
path FING will be read with a period of 8 clock cycles CLK. 

Consequently, in a first step 1), when samples S arrive at the delay line 
DJLINE, 1 sample per clock cycle CLK, they are written in the write registers REG0 to 
REG7 respectively. One waits for 8 samples to have arrived and the write register REG store* 
them in a memory for 8 clock cycles. It will be noted that in the 8 samples there are 2 series 
of 3 useful samples INJTIME, EARLY and LATE corresponding to the reception of 2 
successive chips CHIP. 

In a second step 2), the writing of the 8 samples in the 8 delay sub-lines is 
effected as described previously for the first embodiment. Every 8 clock cycles CLK there 
will be a writing of a sample in each memory area ZONE, the writing taking place in parallel 
for all these areas. Thus, at a given address ADD the delay line DJLINE contains 8 samples. 
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Fig. 9 shows an organization of the various delay sub-lines ZONE when they 
are filled by samples S. There are 2048 samples in all. 

The 4 samples 0, 1, 2, 3 of the first chip received are written in the memory 
areas ZONEO to ZONE3, whereas the next 4 samples of the second chip received are written 
in the next memory areas ZONE4 to ZONE7. As can be seen, these 8 first samples are 
positioned at an address ADD = 0 of each memory area ZONE. 

The same applies to the 8 samples received next, they are written at the 
address ADD = 1 in the 8 memory areas and so on up to 8 last samples 2040 to 2047 at the 
address ADD = 255 of the memory areas ZONEO to ZONE8. 

In 512 clock cycles CLK the memory areas are all filled. 
In order to avoid having a read pointer RD_PTR that would point at an address 
ADD not comprising a sample, one advantageously waits for the whole delay line DJLINE 
i.e. all the memory areas ZONE to be filled by samples. To have a security margin, one 
preferably waits for a period of 2560 chips, 2560 chips representing a unit called slot known 
to a man of skill in the art. 

It will be noticed that when two series of samples are received, they are 
written in the two series of memory areas BANK0 and BANK1 respectively. 

In a third step 3), the two series of samples are read so that the reference 
sample IN_TEME of these series have a delay r on the output compared to the input, which 
delay represents the delay associated with a path FING, each delay associated with a path 
FING being known to the receiver RECEP. 

It will be noted that, advantageously, the same delay sub-line ZONE 
comprises only a single useful sample among the 6 useful samples INJITME, EARLY and 
LATE coming from two successive chip series and that the useful samples of each chip are 
written at successive addresses in the memory areas ZONE. Consequently, it will be possible 
to read the 6 useful samples (3 per chip) via a single reading operation RD. 

It will be recalled that a constraint posed of obtaining on the output of the 
delay D_LINE a sample chosen from four samples, that is of obtaining a sample at a 
frequency of 3.84 MHz, is always the same as that of the first embodiment. The samples of a 
path FING are read every 8 clock cycles. With this timing the samples cannot all leave the 
delay line DJLINE in time. 

Consequently, for mitigating this problem, it is necessary to read 2 series of 
samples at the same time. Thus a first chip called current chip C_CHIP and a next chip called 
NEXT_CHIP are read in parallel. 
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The reading of the 6 useful samples of these 2 chips takes place on the basis of 
the following principles. 

Firstly, the read addresses of the useful samples INJTIME, EARLY and 
LATE of the 2 processed chips are determined. 

As in the first embodiment, the delay of a path FING is represented by a shift 
between the write pointer WRJPTR and the read pointer RD_PTR, the latter being displaced 
in a cyclic manner in the series BANKO and BANK! of memory areas ZONE. 

Thus, for each reference sample IN_TIME received, one has a read address 
@RD equal to its write address @WR minus the part of the delay r associated with the 
corresponding path FING divided by 2, the delay of a path being known of the receiver 
RECEP. 

@RD = [@W - Ent(x/2)] modulo256. 

For example, in Figs. 9 and 10, if the write pointer WRJPTR = 7 and if one 
wishes a delay of 5, the read pointer RDJPTR = 7-ent/5/2) = 5 and the reference chip CHIP0 
will be obtained comprising the samples 40, 41, 42 and 43 or 44, 45, 46 and 47. 

Secondly, the series BANK of areas in which the reference sample INJTIME 
of the current chip CJCHIP is situated, also called current reference sample INJTIME is 
determined. This reference sample INJTIME may belong to either the first series of memory 
areas BANKO or to the second series of memory areas BANK1. 

For this purpose, selection means SELECTJBANK of memory area series are 
used for determining, as a function of the delay r to which series BANK the read current chip 
belongs. Thus one has SELECTJBANK = not (r modulo-2). 

Consequently, according to that which has been observed under firstly and 
secondly, for the read address @RD of the current reference sample INJTIME, one has: 
" if foe delay t - 1, @RD = @W in the first series BANKO of areas, 

- if the delay r = 2, @RD = @W-1 in a second series BANK1 of areas, 

- if the delay t = 3, @RD = @W-1 in the first series BANKO of areas and 

- if the delay t = 4, @RD = @W-2 in the second series BANK1 of areas. 

In the example with the write pointer WRJPTR = 7 and the delay of 5, one 
will have SELECTJBANK = not (5 modulo-2) - 0, or the first series BANKO. 

Thirdly, the exact position of the reference sample INJTIME of the current 
chip C_CHIP in the series BANK of areas of the selected memory is to be found and then the 
exact location of the associated preceding sample EARLY and following sample LATE. 
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This narrows down to selecting the proper memory area ZONE and 
determining the read addresses of the samples with respect to one another. 

The position i.e. the memory area ZONE to which one such reference sample 
IN_TIME belongs is thus determined by a position factor DOWN_POS. 

Thus, as the Table of Fig. 1 1 shows, according to the preceding example the 
series of memory areas which is selected for the current reference sample INJITME is the 
first series BANKO, called in this case current series C_BANK and if the value of the 
position factor DOWN_POS is equal to 1, then the reading of the current reference sample 
INTIME is made in the second area ZONE1, that of the next associated sample LATE in the 
third area ZONE2 and that of the associated preceding sample EARLY in the first zone 
ZONEO. In this case it may be observed that the addresses of the three samples are equal to 
@RD. 

Having determined the addresses of the samples of the current chip C_CHIP, 
the addresses of the samples of the next chip NEXT_CHIP are then easily deduced from 
them by means of the Table of Fig. 11. 

Thus, still according to the same example, the next reference sample IN_TIME 
will be read at an address @RD in the sixth zone ZONE5, the preceding sample EARLY and 
next sample LATE associated with a same address @RD in the fifth zone ZONE4 and 
seventh zone ZONE6 respectively. 

Obviously, as for the first embodiment there is always a fourth sample VOID 
which is read for each of the chips. 

According to a second example which represents a borderline case, if the 
series of memory areas selected for the current reference sample IN_TIME is the first series 
BANKO, called current series C_BANK in this case, and if the value of the position factor is 
equal to 0 then the reading of the current reference sample IN_TIME takes place in the first 
zone ZONEO, that of the next associated sample LATE in the second zone ZONE1 and that 
of the associated preceding sample EARLY in the preceding area, that is here the eighth area 
ZONE7 belonging to the second series BANK1. In this case it may be observed that the 
addresses of the current reference sample INTIME and of the next sample LATE are both 
equal to @RD, whereas the read address of the preceding sample EARLY is situated at a 
preceding address @RD-1. 

For the next chip NEXT_CHIP the next reference sample IN_TIME will be 
read at an address @RD in the fifth area ZONE4, the associated preceding sample EARLY 
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and next sample LATE at a same address @RD in the fourth area ZONE3 and sixth area 
ZONES respectively. 

In the Table of Fig. 1 1 it may be seen that there are 3 other borderline cases 
when the addresses of three useful samples are not all equal and where the samples of a same 
5 chip do not all form part of the same series BANK of memory areas ZONE. 

- when the position factor has a value equal to 3 and the current series of areas is 
the first series BANKO. At that moment the address @RD+1 of the next sample 
LATE of the next chip NEXT_CfHP is situated at an address +1 of that of the 2 
other associated useful samples, 

10 - when the position factor has a value equal to 3 and the current series of areas is 

the second series BANK1. At that moment the address @RD+1 of the next 
sample LATE of the current chip C_CHEP is situated at an address +1 of that of 
the 2 other associated useful samples, and 

- when the position factor has a value equal to 0 and the current series of areas is 
1 5 the second series BANK1 . At this moment the address @RD of the preceding 

sample EARLY of the next chip NEXT_CHIP is situated at an address -1 of that 
of the 2 other associated useful samples. 

In practical manner, according to the principles set out above, let us imagine 
that we are at the write address @W =10, that the delay t is equal to 2 and that the position 
20 factor DOWNJPOS has a value of 3. The samples of the 2 processed chips have numbers 
running from 100 to 107 for this write address 10 and from 92 to 99 for the write address 9, 
the numbers 92 and 100 being situated in the 1 st area ZONE0 and 99 and 107 in the 8 th area 
ZONE7, as can be seen in the Table below. 
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The current chip C_CHIP is situated in the second series BANKl and the 
reference sample INJTIME is situated at the read address @RD = @9. 

As the position factor has a value of 3, the read address of the current 
5 reference sample INJTIME is situated in the 8 th area ZONE7, that of the associated preceding 
sample EARLY in the 7 th area ZONE6 and that of the associated next sample LATE in the 1 st 
area ZONE0. 

The read addresses of the useful samples EARLY, INJTIME and LATE of the 
next chip NEXT_CHIP are situated at the address @10 in the 3 rd , 4 th and 5 th areas ZONE2, 
1 0 ZONE3 and ZONE4 respectively. 

In a fourth step 4), as illustrated in Fig. 7, the 8 samples read (2*IN_TIME, 
EARLY, LATE, VOID) are directed to the six multiplexers MUX. The latter choose the 
reference samples INJTIME, preceding sample EARLY and next sample LATE of the 
current chip CJCHIP and of the next chip NEXTCHIP respectively, as a function of the 
15 position factor DOWN-POS (see Table of Fig. 1 1), and redirects them to a first demultiplexer 
DEMUX0 always at the speed of 30.72 MHz. 

The demultiplexer DEMUX0 defines as a function of the position factor 
DOWN_POS, the delay r and the reading RD effected of such and such path FING, to which 
path FING each useful sample belongs, then it directs each useful sample to a set of delay 
20 switches B and demultiplexers DEMUX1 to 7 associated with each path FING. 

At that moment the useful samples of a current chip C_CHIP are sent to the 
processor PROC of the management unit PROC+DEMOD of the receiver RECEP, whereas 
the useful samples of the next chip NEXT_CHIP are sent to the delay switches B to delay 
them by one chip (3.84 MHz) relative to the samples of the current chip C_CHIP). 
25 Having identified and separated all the different samples received of the 8 

input signals received according to the preceding steps, they are recombined in a coherent 
manner to recover common information. 

In a fifth step 5), the processor PROC determines according to energy the 
reference samples INJTIME of each path FING, then it directs each reference sample 
30 INJTIME to a demodulator DEMOD associated with said path. Said demodulator DEMOD 
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combines each sample IN_TIME with a code relating to the associated path FING. 
Subsequently, all the reference samples INJTIME are summed up to find back the common 
information. 



In the example taken for the second embodiment, 8 paths are managed. 
Obviously, as one has been able to see in Fig. 8, this second embodiment advantageously has 
the capacity to manage up to 15 paths by utilizing a set of memory areas ZONE roughly 
(256*8) in size equal to that of (512*4) of the areas used in the first embodiment of the 
invention, at a same frequency 30.72 MHz while being based on a system of equivalent 
complexity. This second embodiment utilizes just a little more multiplexers. 

Obviously, the scope of the invention is not at all limited to the embodiments 
described above and variations or modifications may be made without, however, leaving the 
scope and spirit of the invention. 

For example, the management of the memory areas ZONE in the second 
embodiment according to the invention can be simplified in the following maimer. 

If one looks at Fig. 1 1 one will notice that for a current series CJBANK of 
memory areas corresponding to a second series BANK1 and for a next series NEXT_BANK 
of memory areas corresponding to the second series BANK1, the read addresses of the useful 
samples are identical to one another for each equal value of the position factor DOWN-POS 
and that the memory areas for a series of samples read are also identical. 

In like manner it is noticed that for a current series C_BANK of memory areas 
corresponding to the first series BANK0 and for a next series NEXTJBANK of memory 
areas corresponding to the first series BANKO, the memory areas for a series of samples read 
are also identical for each equal position factor value DOWN_POS. 

As a consequence, the memory areas ZONE are regrouped as a function of the 
two preceding remarks and two groups GROUPA and GROUPB as shown in the Table of 
Fig. 12. The first group GROUPA regroups a current series CJBANK and a next series 
NEXTJBANK corresponding both of them to the second series of delay sub-lines BANK1, 
whereas the second group GROUPEB regroups a current series CJBANK and a next series 
NEXT_BANK, both of them corresponding to the second series of delay sub-lines BANK1. 

Consequently, instead of choosing in a first period the series of memory areas 
in which current chip CJ^KP is situated, then selecting the proper memory areas ZONE of 
the current useful samples as a function of the value of the position factor DOWNJ>OS, the 
proper memory areas ZONE are selected as a function of the value of the position factor 
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DOWNPOS in each of the two groups GROUPA, GROUPB after which the series of 
memory areas is selected in which the current chip C_CHIP is situated. 

A position factor DOWNJPOS == 1 and a delay t = 5 are taken as an example. 
In a first period, according to the value of the position factor DOWN_POS, the corresponding 
memory areas are chosen in the first zone group GROUPA as well as the corresponding 
memory areas in the second zone group GROUPB. According to the Table of Fig. 12 the 
zones ZONE0, ZONE1, ZONE2 of the first group GROUPA are selected and the zones 
ZONE4, ZONES, ZONE6 of the second group GROUPB are selected. 

The choice of the memory areas is made by means of two commands 
GROUPA_SEL and GROUPB_SEL, illustrated in Fig. 14, which have the position factor 
DOWNJPOS as an input parameter. 

In a second period is determined the series BANK of areas in which the 
current chip C_CHIP is situated according to the formula 
SELECTBANK = not (t modulo-2). 

Here the first series BANKO of memory areas is the current series C_BANK. 
In a third period, as a function of the Table of Fig. 13, it is determined to 
which chip the selected memory areas in the two groups GROUPA, GROUPB correspond, 
i.e. to the current chip C_CHIP or to the next chip NEXT_CHIP. 

In our example, since the first series BANKO is the current series, the memory 
areas ZONE0, ZONE1 and ZONE3 of the first group GROUPA correspond to the current 
chip C_CHIP, whereas the memory areas ZONE4, ZONE5 and ZONE6 of the second group 
GROUPB correspond to the next chip NEXT_CHIP. 

In the opposite case, where it is a second series BANK1 of areas that is the 
current series, the reverse is obtained. The memory areas ZONE0, ZONE1 and ZONE3 of the 
first group GROUPA correspond to the next chip NEXT_CHIP, whereas the memory areas 
ZONE4, ZONES and ZONE6 of the second group GROUPB correspond to the current chip 
C_CHIP. 

Thus there are two selection commands CJSELECT and NEXT_SELECT to 
select the current and next chips according to the chosen areas as indicated in Fig. 14. 

In a third period, by means of 6 multiplexers MUX, the samples S of the 8 
memory areas ZONE0 to ZONE7 are recovered in accordance with the selected areas 
ZONE0, ZONE1, ZONE3 and ZONE4, ZONE5 and ZONE6 of the two groups GROUPA 
and GROUPB, so that the useful samples IN_TIME, EARLY and LATE can be found back. 
The 6 multiplexers MUX subsequently send the 3 useful samples of each current chip 
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C_CHIP and next chip NEXT_CHIP at a frequency of 30.72 MHz to the first demultiplexer 
DEMUXO. Then one is in the same position again as the fourth step described earlier. 

The steps described earlier are repeated for the samples of all the paths FING. 

Thus, according to this first variant of embodiment of the second embodiment, 
in lieu of processing the memory areas represented in the Table of Fig. 1116 times, only 8 
processings represented in the Table of Fig. 12 will do. 

Obviously, the invention is not restricted at all to the domain of mobile 
telephony, it may be extended to other domains notably to those that utilize an integrated 
circuit which necessitates a receiver or a delay line according to the invention, domains 
relating to video and notably to multimedia applications etc. 

No reference sign in the present text is to be interpreted as limiting said text. 

The verb "to comprise" and its conjugations must not be interpreted in a 
limiting fashion either. They must not be interpreted as excluding the presence of other steps 
or elements except for those defined in the description or also as excluding a plurality of 
steps or elements already listed after said verb and preceded by the indefinite article "a" or 



